Liver transplantation is now recognised as a highly eVective form of treatment for patients with end stage liver disease. Currently, one and five year survival rates are in excess of 80%. As a consequence of many developments in all aspects of transplantation, indications have widened and contraindications become fewer. However, the increase in the number of patients referred for transplantation has not been matched by an increase in donor rates. Despite the innovative use of techniques to make fullest use of the donor pool, such as splitting of livers and increasing use of marginal livers (those livers where there is doubt as to initial graft function), the demand for transplantation is failing to meet the supply. The consequence of this relative shortage of donors is that more patients are on the waiting list for transplantation, those on the waiting list become sicker before they receive a graft, and there is the likelihood of more deaths on the waiting list.
In the UK the majority of patients are referred by gastroenterologists in district general hospitals to one of the seven designated liver transplant units. To make the most eYcient use of these scarce livers, it is important that those clinicians referring patients for transplantation are aware of the problems consequent upon the donor shortage.
Selection of patients for liver transplantation occurs at three stages. The first stage is when the patient's doctor (usually a gastroenterologist working in a district general hospital) refers the patient for transplantation. We believe that the greatest selection occurs at this point. The second stage is when the patient is referred to the transplant unit, is assessed, and accepted on the transplant list. Indications for liver transplantation and contraindications are now relatively well established 1 so it is not surprising that most referred patients are accepted onto the list; in our unit, about one fifth of patients are not accepted either because it is considered too early for listing or, less commonly, because there are contraindications to transplantation. In the USA, where early referral is more common than in the UK, minimal listing criteria have been introduced. 2 The third stage of selection occurs when a donor liver becomes available. Selection of the optimal recipient is dependent on many factors: some factors such as matching the donor and recipient for size and blood group are major determinants of selection. Other factors depend on the relative health of the patient and quality of the liver. For example, it may be inappropriate to use a marginal liver in a very sick patient as they would be unlikely to tolerate the early postoperative period.
Understanding those factors which are associated with the risk of dying prior to transplantation may allow improvements in referral for transplantation and improvement in the management of the waiting list.
Situation in the UK
The gap between the number of patients listed for transplantation and number of donor organs is widening in the UK, continental Europe, and North America. 3 4 Data for transplantation in the UK are shown in table 1. While there was an increase in the number of transplants performed between 1990 and 1997, the rate of increase has been slow in the past few years and there remains a discrepancy between the number of transplants performed and number of new patients registered. In the UK, during the first nine months of 1999 the active liver transplant list increased by 12% compared with the same period in 1998 (from 178 to 199) whereas the number of transplants (whole liver and lobe) from cadaveric donors increased by only 2% (from 436 to 445). During this period, there was a 2% fall in the total number of cadaveric donors. There has been an increase in the number of patients dying while on the active transplant list and an increase in the number of patients removed from this list. The reasons for removal from the list are not clear but include patients becoming too ill to benefit from the procedure and temporary removal for intercurrent problems.
Mortality on the waiting list
To understand the causes of death and also to identify markers which could determine patients at high risk of dying on the waiting list, we undertook a retrospective analysis of all adult patients listed for transplantation at this centre between January 1990 and December 1996. Those with fulminant hepatic failure and multiple or repeat grafts were excluded. Overall, 726 patients were accepted for transplantation. By March 1997, 9% of the patients had died on the list, 87% had been transplanted, and 3% remained on the list. The proportion of patients dying on the list each year varied between 5% and 12% with no significant variation between years. Furthermore, there was no correlation between the risk of dying on the waiting list and the overall list size. When considered by indications for transplantation, of the 254 patients listed for transplantation for primary biliary cirrhosis (PBC), 14 (5%) died whereas 12 of 88 patients (14%) with alcoholic liver disease (ALD) died. Of those patients who died awaiting transplantation, there was no significant diVerence in Child-Pugh score for those with PBC (median 11, range 7-14) and ALD (median 13, range 11-14; p=0.15). Death was due to hepatocellular failure rather than a specific precipitating factor such as variceal bleed (14%). It should be noted that many of these deaths from variceal haemorrhage occurred before the widespread introduction of routine prophylaxis with beta blocker therapy.
A multivariate analysis of clinical and biochemical factors was performed for patients with ALD and PBC. For patients with ALD, a low serum albumin and high 
Consequences for survival on waiting times for patients with primary biliary cirrhosis
To understand further the eVect of the waiting list on the mortality of patients awaiting transplantation and the outcome after transplantation, we studied in greater detail patients with PBC accepted for transplantation. This indication was chosen not only because it represents a significant indication for transplantation but also because prognostic models for assessment of survival with and without transplantation are well developed and validated. 5 Of 387 patients accepted for transplantation, 21 died awaiting transplantation. Of those who were transplanted, the median interval between listing and transplantation was 46 days (25th and 75th centiles 15 and 102 days). Clinical, laboratory, and prognostic parameters on admission and at listing are shown in table 2. Although there were statistically significant diVerences in important prognostic variables, these were clinically of little importance. We estimated at three time points the probability of six month survival with and without transplantation: at the time of referral, at listing, and at transplantation (table 3) . For patients who were transplanted, it can be seen that there was relatively little diVerence in estimated outcome after transplantation at any of the three times although there was a decrease in the probability of survival without transplantation. When those patients who waited more than 90 days between listing and transplantation were compared with those who waited less than 90 days, it was found that both the probabilities of surviving after transplantation and without transplantation were higher at all times in those who waited longer for a graft. The probability of six month survival with transplantation at referral, listing, and transplantation was 92%, 92%, and 93% for those who waited more than 90 days and 86%, 85%, and 85% for those who waited less than 90 days, compared with the probability of surviving six months without transplantation of 93%, 91%, and 90% and 48%, 29%, and 19%, respectively. These values suggest that even though the models were not used in assessing patients, those more likely to die without transplantation waited a shorter period. When those patients who died while awaiting a transplant were assessed (table 4), it can be seen that while the six month survival probability after transplantation was good, it was not as high as those who received a transplant; the estimated survival in the absence of transplantation was much lower at both referral and listing. One quarter of patients with PBC who died awaiting a graft had a serum bilirubin level greater than 575 µmol/l at referral; in contrast, of those who were transplanted, the top quartile had, at referral, serum bilirubin levels above 252 µmol/l.
While these findings are reassuring and suggest that the waiting time did not adversely impact on the outcome of most patients, the mortality awaiting a liver is of major concern. Some caution must be applied to the findings: models are useful at predicting population survival but are less so when applied to individuals. Confidence intervals are wide. Finally, these findings are based on a retrospective analysis.
Conclusions
Inevitably this analysis is limited by the retrospective nature of this study. None the less, several conclusions are apparent. Firstly, mortality on the waiting list is a significant problem and is likely to rise further until donor shortage can be reversed or alternative strategies can be introduced. Secondly, timing of referral for consideration of transplantation remains problematic. If patients are referred and listed early for transplantation then, because of the perioperative risk and small early mortality, there is a risk the patient's life might be shortened. Early and preemptive listing of patients to allow for the increased waiting time results in unmanageable waiting lists, as evidenced in North America; whether the introduction of minimal listing criteria will alter the practice remains to be seen. Conversely, referral too late not only reduces the survival of patients if they are transplanted but increases mortality on the waiting list. As shown here and elsewhere, 6 those factors that predict survival after transplantation diVer from those which predict survival without transplantation. Mortality of patients on the waiting list relates primarily to end stage disease rather than sudden and unexpected complications such as variceal haemorrhage or infection. Those patients who die on the list are usually not on the waiting list for long periods of time and have a slightly lower survival probability after transplantation. The transplant clinicians need to establish guidelines to determine when the patient's chances of survival are so low that transplantation becomes no longer indicated. A better understanding by the transplant clinicians of those factors which predict outcome with and without transplantation may help in improving the management of the waiting list; these data suggest that, at least for patients with PBC, priority for transplantation should be given to those who are most likely to die as this will not have a major adverse impact on survival after transplantation. For the referring clinician, early referral is important. 
